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OPTICAL ACCELEROMETER

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan Patent Application Serial Number 101134619, filed on
Sep. 20, 2012, the full disclosure of which is incorporated
herein by reference.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] This disclosure generally relates to an acceleration

detection device and, more particularly, to an optical accel-
erometer for detecting the 3D acceleration.

[0004] 2. Description of the Related Art

[0005] The accelerometer generally employs a spring con-
necting to a proof mass and calculates the amplitude and
direction of an acceleration by detecting a position variation
of the proof mass caused by the acceleration. The conven-
tional accelerometers generally include the capacitive accel-
erometer and the optical accelerometer.

[0006] The conventional capacitive accelerometer includes
a plurality of comb-like first electrode plates on a proof mass
and a plurality of comb-like second electrode plates on a
substrate, wherein each of the second electrode plates is
inserted between two of the first electrode plates. Meanwhile,
the proof mass is connected to the substrate through a spring.
When an acceleration occurs, the capacitance between the
first electrode plates and the second electrode plates changes
and thus it is able to calculate the acceleration by monitoring
a capacitance variation. However, problems of the capacitive
accelerometer are that the capacitance variation is very small
and difficult to be measured, and it is difficult to measure the
acceleration more than two dimensions.

[0007] The conventional optical accelerometer includes a
transmitting fiber on a proof mass and a detecting fiber on a
substrate. The light emitted from a light source is optically
coupled to the detecting fiber from the transmitting fiber.
Meanwhile, the proof mass is connected to the substrate
through a spring. When the vibration occurs, the light cou-
pling between the transmitting fiber and the detecting fiber is
changed and thus it is able to calculate the acceleration by
monitoring a light coupling efficiency. However, the align-
ment between the transmitting fiber and the detecting fiber is
not easy to implement.

[0008] Accordingly, the present disclosure further provides
an optical accelerometer capable of detecting the 3D accel-
eration simultaneously.

SUMMARY

[0009] The present disclosure provides an optical acceler-
ometer capable of detecting the three-dimensional accelera-
tion according to a diffraction pattern.

[0010] The present disclosure provides an optical acceler-
ometer including a first substrate, a second substrate, a spacer
and a processing unit. The first substrate includes a frame, a
movable member and at least one elastic member. Periodic
slots are formed along at least one direction on the movable
member to be served as a diffraction grating. The at least one
elastic member is connected between the frame and the mov-
able member to allow the movable member to be able to
perform relative motion with respect to the frame. The second
substrate includes at least one sensing unit configured to
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detect a zero-order diffraction pattern and a first-order dif-
fraction pattern generated by the diffraction grating. The
spacer is disposed between the first substrate and the second
substrate and configured to define a predetermined height.
The processing unit is coupled to the sensing unit and con-
figured to calculate a three-dimensional acceleration accord-
ing to the zero-order diffraction pattern and the first-order
diffraction pattern.

[0011] The present disclosure further provides an optical
accelerometer including a sensing substrate, a grating sub-
strate, a coherent light source and a processing unit. The
sensing substrate includes at least one sensing unit. The grat-
ing substrate is opposite to the sensing substrate and includes
a movable member, wherein at least one diffraction grating is
formed on the movable member and the movable member
may perform relative motion with respect to the sensing sub-
strate in accelerating. The coherent light source is configured
to illuminate the at least one diffraction grating to generate a
diffraction pattern on the at least one sensing unit. The pro-
cessing unit is coupled to the at least one sensing unit and
configured to calculate a three-dimensional acceleration
according to the diffraction pattern.

[0012] In one aspect, the processing unit may calculate an
in-plane acceleration according to a position variation of the
zero-order diffraction pattern and calculate an out-of-plane
acceleration according to a relative relation between the zero-
order diffraction pattern and the first-order diffraction pat-
tern.

[0013] Inoneaspect, the diffraction grating may be a trans-
missive diffraction grating or a reflective diffraction grating.

[0014] In one aspect, the optical accelerometer further
includes a coherent light source configured to emit coherent
light to illuminate the diffraction grating so as to generate the
zero-order diffraction pattern and the first-order diffraction
pattern.

[0015] Inoneaspect, the diffraction grating may be formed
by periodic slots or parallel fingers. When the diffraction
grating is illuminated by coherent light, the diffraction pattern
may be generated at the same side or the opposite side of the
coherent light.

[0016] Inone aspect, the diffraction grating may include a
first diffraction grating formed along a first direction and a
second diffraction grating formed along a second direction.
The second substrate may include a first sensing unit corre-
sponding to the first diffraction grating and a second sensing
unit corresponding to the second diffraction grating. The
processing unit is configured to calculate a first in-plane
acceleration according to the diffraction pattern detected by
the first sensing unit and to calculate a second in-plane accel-
eration according to the diffraction pattern detected by the
second sensing unit.

[0017] In the optical accelerometer according to the
embodiment of the present disclosure, the wavelength of
coherent light, grating pitch, shape of periodic slots and dis-
tance between the grating and the sensing unit do not have
particular limitation as long as at least the zero-order diffrac-
tion pattern and the first-order diffraction pattern may be
generated on the sensing unit to allow the processing unit be
able to accordingly calculate the three-dimensional accelera-
tion.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Other objects, advantages, and novel features of the
present disclosure will become more apparent from the fol-
lowing detailed description when taken in conjunction with
the accompanying drawings.

[0019] FIG. 1 shows a cross sectional view of the optical
accelerometer according to an embodiment of the present
disclosure.

[0020] FIG. 2 shows a schematic diagram of the first sub-
strate of the optical accelerometer according to the embodi-
ment of the present disclosure.

[0021] FIGS. 3A-3C show operational schematic diagrams
of detecting three-dimensional acceleration by the optical
accelerometer according to the embodiment of the present
disclosure.

[0022] FIGS. 4A-4B respectively show a cross sectional
view of the optical accelerometer according to another
embodiment of the present disclosure.

[0023] FIG. 5 shows a schematic diagram of the first sub-
strate of the optical accelerometer according to another
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0024] It should be noted that, wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

[0025] Referring to FIG. 1, it shows a cross sectional view
of'the optical accelerometer 1 according to an embodiment of
the present disclosure, which includes a first substrate 11, a
second substrate 13, a spacer 15 and a processing unit 17,
wherein the spacer 15 is configured to be disposed between
the first substrate 11 and the second substrate 13 for defining
apredetermined height H. The spacer 15 may be made of any
suitable material without particular limitation as long as it is
able to keep a predetermined distance (i.e. the predetermined
height H) between the first substrate 11 and the second sub-
strate 13, and the predetermined distance may be determined
by the image resolution of an image sensor included in the
optical accelerometer 1; e.g. if the resolution of the image
sensor is higher, the predetermined distance may be short-
ened. In this embodiment, the first substrate 11 is served as a
grating substrate whereas the second substrate 13 is served as
a sensing substrate.

[0026] Referring to FIGS. 1 and 2, FIG. 2 shows a sche-
matic diagram of the first substrate 11 of the optical acceler-
ometer 1 according to the embodiment of the present disclo-
sure. The first substrate 11 includes a frame 111, a movable
member 113 and at least one elastic member 115. It is appre-
ciated that the scale relation between every component shown
in FIG. 2 is only intended to illustrate but not to limit the
present disclosure.

[0027] The movable member 113 may be a proof mass on
which periodic slots are formed along at least one direction to
be served as a diffraction grating. For example in FIG. 2, first
periodic slots 1131 are formed along a first direction x and
second periodic slots 1132 are formed along a second direc-
tion y on the movable member 113, wherein the first direction
x is substantially perpendicular to the second direction y. In
other words, in this embodiment at least one diffraction grat-
ing is formed on the movable member 113, e.g. including a
first diffraction grating along the first direction x and a second
diffraction grating along the second direction y. In this
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embodiment, the diffraction grating is formed by periodic
slots (e.g. slots 1131, 1132). It is appreciated that as the
periodic slots are served as the diffraction grating, the slots
penetrate through two sides of the movable member 113. If
the optical accelerometer 1 is only used to detect the one-
dimensional acceleration, the diffraction grating may be
formed only along one direction (e.g. direction X or y).
[0028] The at least one elastic member 115 is connected
between the frame 111 and the movable member 113 to allow
the movable member 113 to be able to perform relative
motion with respect to the frame I 1 1. In this manner, when
the first substrate 11 is combined with the second substrate 13
through the spacer 15, the movable member 113 may perform
relative motion with respect to the second substrate 13 in
accelerating.

[0029] In one embodiment, the first substrate 11 may be a
silicon substrate, and the frame 111, the elastic member 115,
the movable member 113 and the at least one diffraction
grating (e.g. 1131, 1132) thereon may be respectively formed
by photolithography process. In other embodiments, the first
substrate 11 may also be manufactured by MEMS process or
micro electroplating process without particular limitation.
The material of the first substrate 11 may be determined
according to the process for forming the frame 111, the elastic
member 115, the movable member 113 and the diffraction
grating.

[0030] The second substrate 13 includes at least one sens-
ing unit 131 configured to detect a diffraction pattern formed
by the diffraction grating (e.g. 1131, 1132), wherein a diffrac-
tion grating may generate a zero-order, first-order, second-
order and high-order diffraction patterns. In this embodiment,
the processing unit 17 is coupled to the at least one sensing
unit 131 (e.g. via pads or bumps forming on the second
substrate 13) and configured to calculate a three-dimensional
acceleration according to the zero-order diffraction pattern
Oth and the first-order diffraction pattern +1th (described
later). The sensing unit 131 may be an optoelectronic diode
that may be directly formed on the second substrate 13 using
the conventional method; for example the ion implantation,
but not limited to. The sensing unit 131 may also be a CCD
image sensor, a CMOS image sensor or other optoelectronic
devices that are disposed or directly formed on the second
substrate 13 using other methods. The method of manufac-
turing the sensing unit 131 is well known and thus details
thereof are not described herein. The processing unit 17 may
be a digital signal processor (DSP) configured to post-process
the image data outputted by the sensing unit 131.

[0031] In addition, when two sets or more than two sets of
diffraction gratings (e.g. 1131 and 1132 shown in FIG. 2) are
formed on the movable member 113, the second substrate 13
may include corresponding numbers of the sensing units that
are physically separated from each other and electrically
coupled to the processing unit 17. For example, if a first
diffraction grating 1131 and a second diffraction grating 1132
are formed on the first substrate 11, the second substrate 13
may include a first sensing unit corresponding to the first
diffraction grating 1131 and a second sensing unit corre-
sponding to the second diffraction grating 1132. The process-
ing unit 17 may calculate a first in-plane acceleration accord-
ing to the diffraction pattern (e.g. the zero-order diffraction
pattern Oth) detected by the first sensing unit and calculate a
second in-plane acceleration according to the diffraction pat-
tern (e.g. the zero-order diffraction pattern Oth) detected by
the second sensing unit, but the present disclosure is not
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limited thereto. The second substrate 11 may only include a
single sensing unit 131, which for example has a larger area,
configured to simultaneously detect diffraction patterns gen-
erated by the first diffraction grating (e.g. 1131) and the
second diffraction grating (e.g. 1132). The number of the
diffraction gratings may be determined according to different
applications.

[0032] Inthis embodiment, in order to generate the diffrac-
tion pattern on the sensing unit 131, a coherent light source Lc
is further included configured to emit coherent light to illu-
minate the at least one diffraction grating so as to generate a
diffraction pattern, including the zero-order diftraction pat-
tern Oth and the first-order diffraction pattern +1th (as shown
in FIG. 1), on a sensing surface 131S of the at least one
sensing unit 131. In addition, the disposed position of the
coherent light source Lc may be different according to the
type of the diffraction grating. For example, when the diffrac-
tion grating is a transmissive diffraction grating, the coherent
light source Lc and the sensing unit 131 are disposed at
opposite sides of the first substrate 11; but when the diffrac-
tion grating is a reflective diffraction grating, the coherent
light source Lc and the sensing unit 131 are disposed at the
same side of the first substrate 11.

[0033] Next, the calculation of the three-dimensional
acceleration of the optical accelerometer 1 in this embodi-
ment is illustrated. In the present disclosure, the three-dimen-
sional acceleration may include an in-plane acceleration and
an out-of-plane acceleration, wherein the in-plane accelera-
tion may include two dimensions (e.g. the transverse move-
ment) whereas the out-of-plane acceleration may include one
dimension (e.g. the longitudinal movement).

[0034] Referring to FIGS. 3A-3C, they respectively show a
schematic diagram of calculating the three-dimensional
acceleration by the optical accelerometer 1 according to the
embodiment of the present disclosure, wherein only the dif-
fraction grating 1131 (or 1132) and the diffraction pattern are
shown herein and a part of components in FIG. 1 are omitted
for simplification purpose. Meanwhile, the descriptions are
made by using the transmissive diffraction grating as an
example. As the operation of the reflective diffraction grating
is similar to that of the transmissive diffraction grating, details
of the reflective diffraction grating are not described herein.
[0035] For example in FIG. 3A, the coherent light L.c gen-
erates a zero-order diffraction pattern Oth (not showing the
higher-order diffraction pattern herein for simplification) on
the sensing surface 1318 of the sensing unit 131 through the
diffraction grating 1131 (1132), wherein the zero-order dif-
fraction pattern Oth corresponds to the slots of the diffraction
grating 1131. When the movable member 113 has an in-plane
movement (e.g. toward the x direction), it means that the
optical accelerometer 1 has an acceleration in a reverse direc-
tion (e.g. toward —x direction), and the position of the zero-
order diffraction pattern Oth relatively changes. Accordingly,
the processing unit 17 may calculate an in-plane acceleration
according to a position variation of the zero-order diffraction
pattern Oth. It is appreciated that the acceleration perpendicu-
lar to the x direction (e.g. the y direction) may be calculated
by using the same method according to the zero-order dif-
fraction pattern Oth generated by another set of diffraction
grating. That is, the two-dimensional in-plane acceleration
may be calculated according to two sets of diffraction grat-
ings (e.g. 1131 and 1132).

[0036] InFIG.1,itisassumed thatthe grating pitchis D, the
predetermined height (i.e. the distance between the grating
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and the sensing unit 131) is H and the wavelength of coherent
light source Lc is A. The relative relation P between the
zero-order diffraction pattern Oth and the first-order diffrac-
tion pattern +1th may be obtained by:

Dxsin O=mh (€8]
P=Hxtan 0 2),
[0037] wherein m indicates the diffraction order. In this

manner, when the movable member 113 has an out-of-plane
movement (e.g. along z direction), the predetermined height
H changes and thus the position of the first-order diffraction
pattern x1th also changes.

[0038] ForexampleinFIG. 3B, the coherentlight source L¢
generates a zero-order diffraction pattern Oth and a first-order
diffraction pattern =1th on the sensing surface 131S of the
sensing unit 131 through the diffraction grating 1131 (1132).
When the movable member 113 has an out-of-plane move-
ment (e.g. along +z direction), it means that the optical accel-
erometer 1 has an acceleration in a reverse direction (e.g.
along -7 direction); now, the increase of the predetermined
height H causes the first-order diffraction pattern +1th mov-
ing away from the zero-order diffraction pattern Oth. For
example in FIG. 3C, when the movable member 113 has an
out-of-plane movement (e.g. along -z direction), it means
that the optical accelerometer 1 has an acceleration in a
reverse direction (e.g. along +z direction); now, the decrease
of the predetermined height H causes the first-order diffrac-
tion pattern +1th moving close to the zero-order diffraction
pattern Oth. Accordingly, the processing unit 17 may calculate
an out-of-plane acceleration according to a relative relation
between the zero-order diffraction pattern Oth and the first-
order diffraction pattern £1th. Of course, the processing unit
17 may also calculate the out-of-plane acceleration only
according to the position variation of or the relative relation
between the first-order diffraction pattern +1th itself. In the
present disclosure, the term “in-plane” is referred to a plane at
which the diffraction grating locates whereas the term “out-
of-plane” is referred to a plane perpendicular to the in-plane.
[0039] Inanother embodiment, the spacer 15 of the optical
accelerometer 1 may be integrated with the first substrate 11.
In this case the first substrate 11 includes a side wall at a
periphery of the first substrate 11 and perpendicularly extend-
ing a predetermined height H toward the second substrate 13
as shown in FIG. 4A, and the first substrate 11 is combined
with the second substrate 13 through the side wall. In another
embodiment, the spacer 15 ofthe optical accelerometer 1 may
be integrated with the second substrate 13. In this case the
second substrate 13 includes a side wall at a periphery of the
second substrate 13 and perpendicularly extending a prede-
termined height H toward the first substrate 11 as shown in
FIG. 4B, and the second substrate 13 is combined with the
first substrate 11 through the side wall. In other words, the
optical accelerometer 1 of this disclosure may be formed by
two substrates or by two substrates and one spacer.

[0040] It should be mentioned that in the embodiment of
the present disclosure, positions of the zero-order diffraction
pattern Oth and the first-order diffraction pattern +1th may be
defined as the position in the diffraction pattern having the
highest brightness.

[0041] Inanother embodiment, the diffraction grating may
be formed as parallel fingers perpendicularly extending out
from the movable member 113. For example as shown in FIG.
5, the movable member 113 includes first parallel fingers
1131' extending out along a first direction x and second par-
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allel fingers 1132' extending out along a second direction y,
wherein the first direction x is preferably perpendicular to the
second direction y. The movable member 113 may also be
connected to the frame 111 through at least one elastic mem-
ber 115 to allow the movable member 113 to be able to
perform relative motion with respect to the frame 111 when it
is accelerated. The first substrate 11 may also be manufac-
tured by photolithography, micro electroplating or MEMS
process.

[0042] It should be mentioned that numbers, positions and
shapes of the elastic member 115 shown in FIGS. 2 and 5 are
only intended to illustrate but not to limit the present disclo-
sure. For example, the elastic member 115 may also be
formed at the corner of the movable member 113 without
particular limitation as long as the movable member 113 is
able to perform relative motion with respect to the frame 111
in accelerating.

[0043] In the embodiment of the present disclosure, the
position of the coherent light source L.c may be determined
according to the type and configuration of the diffraction
grating without particular limitation. In addition, the wave-
length A of the coherent light source Lc does not have par-
ticular limitation as long as it is matched to the system param-
eters, e.g. the size and distance, of the optical accelerometer 1
so as to generate the diffraction pattern on the at least one
sensing unit 131. The shape and number of the diffraction
grating do not have particular limitation as long as it is able to
generate at least the zero-order diffraction pattern and the
first-order diffraction pattern on the at least one sensing unit
131 to allow the processing unit 17 to be able to calculate the
three-dimensional acceleration according to the zero-order
diffraction pattern and the first-order diffraction pattern,
wherein the shape of the diffraction pattern is determined by
the shape of the diffraction grating (or slots).

[0044] As mentioned above, as the conventional capacitive
accelerometer has the problem of difficult to detect the accel-
eration more than two-dimensions and the conventional opti-
cal accelerometer needs to perform the light coupling
between two fibers. Therefore, the present disclosure further
provides an optical accelerometer (FIG. 1) that may detect the
in-plane acceleration according to a zero-order diffraction
pattern and detect the out-of-plane acceleration according to
a first-order diffraction pattern so as to detect the three-di-
mensional acceleration at the same time.

[0045] Although the disclosure has been explained in rela-
tion to its preferred embodiment, it is not used to limit the
disclosure. It is to be understood that many other possible
modifications and variations can be made by those skilled in
the art without departing from the spirit and scope of the
disclosure as hereinafter claimed.

What is claimed is:
1. An optical accelerometer, comprising:
a first substrate, comprising;

a frame;

a movable member, periodic slots being formed along at
least one direction on the movable member to be
served as a diffraction grating; and

atleast one elastic member connected between the frame
and the movable member;

a second substrate comprising at least one sensing unit
configured to detect a zero-order diffraction pattern and

a first-order diffraction pattern generated by the diffrac-

tion grating;
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a spacer disposed between the first substrate and the second
substrate and configured to define a predetermined
height; and

a processing unit coupled to the sensing unit and config-
ured to calculate a three-dimensional acceleration
according to the zero-order diffraction pattern and the
first-order diffraction pattern.

2. The optical accelerometer as claimed in claim 1, wherein
the spacer is integrated with the first substrate or the second
substrate.

3. The optical accelerometer as claimed in claim 1, wherein
the processing unit is configured to calculate an in-plane
acceleration according to a position variation of the zero-
order diffraction pattern.

4. The optical accelerometer as claimed in claim 1, wherein
the processing unit is configured to calculate an out-of-plane
acceleration according to a relative relation between the zero-
order diffraction pattern and the first-order diffraction pat-
tern.

5. The optical accelerometer as claimed in claim 1, wherein
first periodic slots are formed along a first direction on the
movable member and second periodic slots are formed along
a second direction on the movable member.

6. The optical accelerometer as claimed in claim 5, wherein
the second substrate comprises a first sensing unit corre-
sponding to the first periodic slots and a second sensing unit
corresponding to the second periodic slots.

7. The optical accelerometer as claimed in claim 6, wherein
the processing unit is configured to calculate a first in-plane
acceleration according to the zero-order diffraction pattern
detected by the first sensing unit and to calculate a second
in-plane acceleration according to the zero-order diffraction
pattern detected by the second sensing unit.

8. The optical accelerometer as claimed in claim 1, wherein
the diffraction grating is a transmissive diffraction grating or
a reflective diffraction grating.

9. The optical accelerometer as claimed in claim 8, further
comprising a coherent light source configured to illuminate
the diffraction grating so as to generate the zero-order diffrac-
tion pattern and the first-order diffraction pattern.

10. An optical accelerometer, comprising:
a sensing substrate comprising at least one sensing unit;

a grating substrate opposite to the sensing substrate and
comprising a movable member, at least one diffraction
grating being formed on the movable member and the
movable member performing relative motion with
respect to the sensing substrate in accelerating;

a coherent light source configured to illuminate the at least
one diffraction grating to generate a diffraction pattern
on the at least one sensing unit; and

a processing unit coupled to the at least one sensing unit
and configured to calculate a three-dimensional accel-
eration according to the diffraction pattern.

11. The optical accelerometer as claimed in claim 10,
wherein the diffraction pattern comprises a zero-order dif-
fraction pattern and a first-order diffraction pattern.

12. The optical accelerometer as claimed in claim 11,
wherein the processing unit is configured to calculate an
out-of-plane acceleration according to a relative relation
between the zero-order diffraction pattern and the first-order
diffraction pattern.
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13. The optical accelerometer as claimed in claim 11,
wherein the processing unit is configured to calculate an
in-plane acceleration according to a position variation of the
zero-order diffraction pattern.

14. The optical accelerometer as claimed in claim 10,
wherein the at least one diffraction grating is a transmissive
diffraction grating or a reflective diffraction grating.

15. The optical accelerometer as claimed in claim 10,
wherein the at least one diffraction grating is formed by
periodic slots or parallel fingers.

16. The optical accelerometer as claimed in claim 15,
wherein the at least one diffraction grating comprises a first
diffraction grating along a first direction and a second diffrac-
tion grating along a second direction.

17. The optical accelerometer as claimed in claim 16,
wherein the sensing substrate comprises a first sensing unit
corresponding to the first diffraction grating and a second
sensing unit corresponding to the second diffraction grating.
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18. The optical accelerometer as claimed in claim 17,
wherein the processing unit is configured to calculate a first
in-plane acceleration according to the diffraction pattern
detected by the first sensing unit and to calculate a second
in-plane acceleration according to the diffraction pattern
detected by the second sensing unit.

19. The optical accelerometer as claimed in claim 10,
wherein the sensing substrate comprises a side wall at a
periphery of the sensing substrate and perpendicularly
extending a predetermined height toward the grating sub-
strate.

20. The optical accelerometer as claimed in claim 10,
wherein the grating substrate comprises a side wall at a
periphery of the grating substrate and perpendicularly
extending a predetermined height toward the sensing sub-
strate.



